Water scarcity is a serious challenge in the Gaza Strip, a region that is mostly considered to be semiarid. In this region, the population's options for provision of potable water are limited to desalination of saline groundwater. Six large brackish water desalination plants (BWDPs) and one seawater desalination plant are operating and providing drinking water along with small private plants. The BWDPs were assessed in terms of operational conditions and quality of their feed and permeate with the aim of estimating essential improvements required as well as performance significance. All these plants are reverse osmosis plants and their operational conditions are similar in terms of production, recovery rate, and energy consumption. The quality of the plants' feed was found not to comply with WHO and Palestinian Standards in most cases, unlike the permeate from all plants. The assessment made through this study assists in better understanding of the current situation of the large-scale desalination plants in Gaza and recommending essential improvements needed to increase water production of these plants without increasing abstraction and feed quantities. In addition, multicriteria analysis used to evaluate BWDPs performance may assist in prioritizing improvements application.
INTRODUCTION
The desalination story in Gaza began with the first estab- Strip. Three plants were built 2 or 3 years ago while the others have been operating for more than 12 years. These public plants produce more water at a higher recovery rate and less brine when compared to small private plants. In addition, these plants are directly linked to the municipal water networks whereas private plants have distribution 
RESULTS AND DISCUSSION
Operational conditions Table 1 highlights all operational conditions of the BWDPs. 
Desalination capacity
Conductivity Figure 7 shows the EC readings of feed and permeate for all plants compared with WHO and PS drinking water standards. All feed readings were found to be higher than WHO and PS standards except for plant E which had an EC reading of 2,000 μs/cm. Therefore, 83% of inlet samples did not comply with WHO and PS drinking water standards.
These relatively high EC values of the inlet samples (4,000-6,000 μs/cm) were found to be significantly reduced in pro- 
Chloride removal
The presence of chloride is considered as one of the major causes of salinity in Gaza groundwater; chloride concentrations found in Gaza groundwater are much higher than the maximum allowed by WHO and PS standards. As shown in Figure 9 , all investigated feed samples from BWDPs were found to have high chloride concentrations, ranging from 500 to more than 2,000 mg/l.
The maximum chloride concentration was found in plant A feed (more than 2,000 mg/l) while the minimum concentration was found in plant E feed. Plants B, C, and D feeds had chloride concentration around 1,500 mg/l or below. The permeates from all plants were found to have lower chloride concentrations than the maximum allowed by WHO and PS standards. It is worth mentioning that chloride rejection percentage of 93-96% could be found.
Sulphate removal
Sulphate concentrations of plant feeds and permeate are shown in Figure 10 . All plant feeds were found to have lower sulphate concentrations than the maximum allowable by WHO and PS standards, and all permeates were found to have acceptable sulphate concentrations, indicating sulphate removal percentage of around 75%.
Hardness removal
Water hardness is a major concern associated with ground- 
Sodium removal
Sodium concentration is considered as a major parameter in groundwater desalination, especially when it is associated with chloride or sulphate. Figure 14 illustrates sodium concentration levels of feeds and permeates. Sodium concentrations of all feeds were found to be higher than the maximum allowed by WHO and PS standards, ranging from 400 to 1,200 mg/l. However, all plant permeates were found to have lower concentrations than the maximum allowed by both WHO and PS standards, indicating of an average removal percentage of 87-95%.
Potassium removal
Potassium concentration levels were investigated for both feeds and permeate of all plants and compared with WHO and PS allowable concentration levels. As shown in Figure 15 , all plant feeds were found to have higher concentration levels of potassium than allowed by WHO except for plant E, while all feeds were found to have lower concentration levels than the maximum allowed by PS standards except for plant A. However, all plant permeates were found to have lower concentration levels than the maximum allowed by both WHO and PS standards. Potassium removal percentage ranged from 20% for plant E which had the lowest feed concentration to 91% for plant A which had the highest feed concentration.
BWDPs evaluation
Consistent evaluation of all BWDPs is made based on:
recovery rate, operational and maintenance cost, cost of desalinated water per cubic metre, and TDS removal. A multi-criteria analysis method was used to determine the strongest and weakest performing plant (Kondili et al. ) .
According to recovery rate, plant D had the highest recovery rate of 83% while plants B and C had the lowest recovery rate of 70% (Figure 16 ). Plants A and E had the highest and lowest operational and maintenance cost as well as cost of product desalinated water per cubic metre respectively (Table 2 ). Highest and lowest TDS removal was for plant D (94.66%) and E (74.8%) respectively (Figure 17) .
A multi-criteria analysis was used to determine the best and poorest performing plant by rating on a points scale (Table 3 ). The highest and lowest scoring plants are D and E respectively, meaning that the best performing plant is D and the poorest performing plant is E.
Improvements to BWDPs
According to the evaluation of the BWDPs, the plants are operating well. However, essential improvements are very Since plant E was found to be the weakest performing plant, it is highly recommended to use NF membranes to pre-treat the feed of this plant prior to using these membranes at the other plants. 
CONCLUSION

FUTURE WORK
New technologies including NF membranes will be considered and experimentally investigated to measure the possibility of better performance of the desalination plants and increasing production in the near future. In addition, effluent brine treatment technology prior to disposal may be studied and recommended. 
